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ABSTRACT 



A localized wireless gateway system provides wireless tele- 
phone communication, and for at least interexchange 
communication, provides voice telephone access to a pubUc 
packet data network, such as the Internet. The wireless 
gateway system includes base station transceivers and a 
packet service gateway coupling the transceivers to the 
public packet data network. ITie packet service gateway 
compresses and decompresses voice frequency communica- 
tion signals, and it sends and receives the compressed 
signals in packet form via the network. The packet service 
gateway also provides for signaling through the network to 
establish two-way voice communication sessions. In the 
preferred implementation, the localized wireless gateway 
system includes at least one radio port control unit coupled 
to the base station transceivers for controlling calls through 
the transceivers. The localized wireless gateway system also 
includes a telephone switch, such as a digital PBX, selec- 
tively providing telephone communication channels 
between the radio port control unit(s) and the packet service 
gateway. An access manager controls registration and vali- 
dation of roaming wireless telephones to utili2e the wireless 
gateway system. The access manager also transmits location 
information for registered wireless telephones toahome 
location r^gisterdatabase\^ network M^ j^^^^ffni^, 
cgti^g^^^^^^^^^^^^fte^hpmer Ipcation register"^ 
d^^^^^^^jP:tl|^p;h0D^ut^^ 

tiq|^^S^^^^S^g||lg^^^H^gn^g^^^^ 
aseaUe^anrsreaeteh^ro.anaine^user^Sr tejephoner^^" 

14 Claims, 6 Drawing Sheets 
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PUBLIC WIRELESS/CORDLESS INTERNET telephone line to a convemional commercial telephone net- 

GATEWAY work. The base unit includes an FM transmitter, FM 

receiver, CPU and a telephone line interface ciraiit. The 

This application is a divisional of application Ser. No. Rash et al. Patents mention that it would be possible to have 

08/815,291 filed Mar. 11,1997. 5 multiple base units at one location, each one being attached 

to a different land line and each one operating on a cordless 

TECHNICAL FIELD telephone channel. 

-nte present invention relates to a localized installation of ^l'"^" f .°^t "P"^™' ^'^^^f '^l*' 

a gateway S5^tem,a5Ei»5nimited_publi^lvira P''°°.'= ^y*'!"^ "'J^'^'^ P"""' ^" ^ '^^'^ °1 
telephone-communicatiorwiffi-aHeast'tEf^SS^hlaP^ existmg pubhc telephone network to transport communica- 

pUoirof t elephone calls via the.localized wireless gateway} !^°°^ T^"^. f ^^^Vbonc systems themselves. 

4tem utilil^apubH-C -pack-et-§^^Kigff^^ f^" a sttuaUon, for example, a long distance call typi- 

a^Se^lmernet^T"^ ^ ~ " ^ would go through a local exchange earner to the point 

— O of presence of an iaterexchange carrier for routing to the 

BACKGROUND ART ^^^^ °^ called party. Although fees and billing arrange- 
ments vary widely, each carrier imposes some form of 

In our increasingly mobile society, there has been an ever charge for its handling of a portion of such a call. The long 
increasing demand for mobile communications to allow a distance and international charges by the interexchangc 
person to roam freely while making and receiving telephone carriers, in particular, can be quite high, 
calls from virtually any location. A wide range of wireless 20 Concurrent with developments in wireless 
systems are m use today and more are now scheduled for communications, outlined above, attention rccenUy has been 
near term future deployment, mcluding cellular telephone directed to implementing a variety of communication 
systems (both analog and digital) and lower power portable services, including voice telephone service, over the world- 
handset type systems now commonly referred to as personal ^^e packet switched data network now commonly known 
communicauons service (PCS) systems. 25 internet. The Internet had its genesis in U.S . Govern- 

Pubhc cellular telephone systems and the emerging low- ment programs funded by the Advanced Research Projects 

power, digital cellular PCS systems provide a high degree of Agency (ARPA). That research made possible national 

mobile communications, as subscribers roam over large interne tworked data communication systems. This work 

geographic areas. However, such systems are expensive to resulted in the development of network standards as well as 

deploy, and as a result, air time charges for use of such a set of conventions, known as protocols, for interconnecting 

systems are high. A number of applications have been data networks and routing information across the networks, 

recognized where wireless communications are desirable, These protocols are commonly referred to as TCP/IP. The 

but implementation ofa full public cellular telephone system TCP/IP protocols were originally developed for use only 

is unnecessary. This specification refers to these more lim- through ARPANET but have subsequently become widely 

ited systems as 'localized' wireless or cordless telephone used in the industry. TCPAP is flexible and robust. TCP takes 

type communications systems. care of the integrity, and IP moves the data. 

For example, U.S. Pat. No. 4,980,907 to Raith et al. Internet provides two broad types of services; connec- 
discloses a wireless communication system with roaming tionless packet delivery service and rehable stream transport 
capabilities. Each portable radio terminal can operate at a service. The Internet basically comprises several large corn- 
subscriber's residence as part of residential equipment, or in puter networks joined together over high-speed data links 
a commercial subscriber's business area as an extension to ranging from ISDN to Tl , T3, FDDI, SONET, SMDS, ATM, 
a PABX. When away from the normal residential or business QTl, etc. The most prominent of these national nets are 
location, however, the portable radio terminal can operate MILNET (Mihtary Network), NSFNET (National Science 
through public transceivers referred to as telepoint tenmi- Foundation NETwork), and CREN (Corporation for 
nals. Each residential installation, PABX and telephone Research and Educational Networking). In 1995, the Gov- 
terminal connects through a telephone line or trunk to an erament Accounting Office (GAO) reported that the Internet 
exchange of a pubUc switched telecommunication network linked 59,000 networks, 2,2 million computers and 15 
(PSTN). million users in 92 countries. However, since then it is 

U.S. Pat. No. 4,875,231 to Hara et al. discloses a radio estimated that the number of Internet users continues to 

telephone system, which includes a base station connected double approximately annually. 

to a telephone exchange and a plurality of mobile stations. In simplified fashion the Intemet may be viewed as a 

The mobile stations communicate with the base station seriesof packet data switches or *routere' connected together 

through a control channel and a number of communication with computers connected to the routers. The Information 

channels. 55 Providers (IPs) constitute the end systems which collect and 

Each of U.S. Pat. Nos. 4,965,849 and 5,014,295 to market the information through their own servers. Access 

Kunihiro discloses a cordless telephone system, wherein the providers are companies such as UUNET, PSI, MCI and 

master station connects to two outgoing telephone lines. The SPRINT which transport the information. Such companies 

master station includes a number of base transceiver units market the usage of their networks to the actual end users, 

for simultaneously communicating with a number of por- FIG. 5 shows a simpUfied diagram of the Internet and 

table wireless handsets. various types of systems typically connected thereto. Gen- 

U.S. Pat. Nos. 4,878,238 and 5,020,094 to Rash et al. crally speaking the Internet consists of Autonomous Systems 

describe a cordless telephone network which allows each (AS) type packet data networks which may be owned and 

hand-held cordless telephone unit to be used with any of a operated by Internet Service Providers (ISPs) such as PSI, 

number of strategically located base units, for example 65 UUNET, MCI, SPRINT, etc. Three such AS/ISPs appear in 

located at tmck sUDps, rest areas along interstate highways, FIG. 5 at 310, 312 and 314. The Autonomous Systems (ASs) 

convention centers and the hke. A base unit connects via a are linked by Inter- AS Connections 311, 313 and 315. 
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Information Providers (IPs) 316 and 318, such as America 
Online (AOL) and Compuserve, connect to the Internet via 
high speed lines 320 and 322, such as T1/I3 and the Hke. 
Information Providers generally do not have their own 
Internet based Autonomous Systems but have or use Dial- 
Up Networks such as SprintNet (X.25), DATAPAC and 
TYMNET. 

By way of current illiKtration, MCI is both an ISP and an 
IP, SPRINT is an ISP, and the MicroSoft Network (MSN) is 
an IP using UUNET as its ISP. Other information providers, 
such as universities, are indicated in exemplary fashion at 
324 and are connected to the AS/ISPs via the same type 
connections here illustrated as Tl is lines 326. Corporate 
Local Area Networks (LANS), such as those illustrated in 
328 and 330, are connected through routers 332 and 334 and 
high speed data links such as Tl hnes 336 and 338. Laptop 
computers 340 and 342 are representative of computers 
connected to the Internet via the public switched telephone 
network (PSTN) and arc shown connected to the AS/ISPs 
via dial up links 344 and 346. 

Recently, several companies have developed software for 
use on personal computers to permit two-way transfer of 
real-time voice information via an Internet data link between 
two personal computers, for example between PCs 340 and 
342. In one of the directions, the sending computer converts 
voice signals from analog to digital format. The software 
facilitates data compression down to a rate compatible with 
modem communication via a POTS telephone line, in some 
cases as low as 2.4 kbits/s. The software also facilitates 
encapsulation of the digitized and compressed voice data 
into the TCP/IP protocol, with appropriate addressing to 
permit communication via the Internet. At the receiving end, 
the computer and software reverse the process to recover the 
analog voice information for presentation to the other party. 
These programs permit telephone-like communication 
between Internet users. 

PCs having voice communication capabilities can con- 
duct two-way, real-time audio communications with each 
other, in a manner directly analogous to a two-way telephoae 
conversation. However, the actual signals exchanged 
between two such terminal devices go through the public 
packet data network. Typically, such communications at 
least bypass long distance interexchange caniers. 

Internet based telephone programs have relied on servers 
(not separately shown) coupled to the Internet to establish 
voice communication links through the networks. Each 
person active on the network, who is wiUing to accept a 
voice call, must register with a server. A calling party can 
call only those persons registered on the voice communica- 
tion server. 

The development of the Internet, particularly voice tele- 
phone communication over the Internet, has been separate 
from efforts to develop and deploy localized wireless or 
cordless telephone type communications systems. For 
example, the PCs and server systems on the market today 
apparently have not permitted calHng through the Internet to 
wireless telephone subscribers, particularly when roaming. 
As a result, a need still exists to find an effective cheaper 
alternative to the transport of calls to and from wireless 
systems via telephone carrier networks. More specifically, a 
need exi.sts to provide a localized wireless or cordless 
telephone type communications system which can at least 
selectively provide voice traffic transport over a pubtic 
packet switched data network, such as the Internet. A need 
further exists for systems and call processing methodologies 
to facilitate easy calling and efficient routing of calls to and 
from such a system, via the public packet data network. 
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DISCLOSURE OF THE INVENTION 

The present invention meets the above stated needs by 
providing a localized wireless gateway offering cordless 
telephone service, including voice communication service, 
^ via a public packet network such as the Internet. 

Thus, in one aspect, the present invention relates to a 
localized wireless gateway system. The inventive system 
includes plurality of base station transceivers and a packet 
service gateway. The transceivers provide two-way wireless 
voice frequency communications for wireless terminals. The 
packet service gateway selectively couples the base station 
transceivers to the public packet data network. The gateway 
compresses and decompresses voice frequency communica- 
tion signals and sends and receives the compressed signals 
in packet form via the network. The gateway also provides 
for signaling through the network to establish two-way voice 
communication sessions through the network. 

In the presently preferred implementation, the localized 
wireless gateway system includes at least one radio port 
control unit coupled to the base station* transceivers. Each 
radio port control uttit controls wireless calls through one or 
more of the transceivers. The localized wireless gateway 
system also includes a telephone switch, such as a digital 
^ PBX, selectively providing telephone communication chan- 
nels between the radio port control unit(s) and the packet 
service gateway. The packet service gateway may include a 
processing unit, line cards providing interfaces for the 
processing unit to the telephone switch and an interface card 
for providing communications through the pubHc packet 
data network. 

The preferred implementation of the localized wireless 
gateway system also includes an access manager. 

The access manager controls registration and validation of 

35 roaming wireless terminal devices to utilize the wireless 
gateway system. The access manager also transmits location 
information for registered terminals to a home location 
register database via the public packet data network. 
The communications of the access manager to the home 

40 location register database actually serve two functions. 

One is the validation of wireless terminals used by 
.roaming subscribers, the other is the maintenance of accu- 
rate location information in the home location register 
identifying the current gateway through which a is caller can 

45 reach the roaming ;iser,s wireless terminal. Other aspects of 
the invention therefore relate to methods of verifying ter- 
minal authorization and providing location information to 
the home location register, via communication through the 
public packet data network. 

50 Additional objects, advantages and novel features of the 
invention will be set forth in part in the description which 
follows, and in part will become apparent to those skUled in 
the art upon examination of the following or may be learned 
by practice of the invention. The objects and advantages of 

55 the invention may be realized and attained by means of the 
instrumentalities and combinations particiilarly pointed out 
in the appended claims. 

BRIEF DESCRIPTION OF DRAWINGS 
go FIG. 1 isj_highJevelJ)lodc_dkgram^Swin^ 
tiOTshig^ro^a^jvireiess-gatew^^systOT 
l^invciitibnvtQ^tHer comrriunicatioii~network"elementsr^ 
FrG7"2 is a functioriaFbloc3r~diagram ^f a preferred 
embodiment of the inventive wireless gateway system. 
65 FIG. 3A is a functional block diagram of one hardware 
implementation of the packet service gateway portion of the 
system of FIG. 2. 
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FIG. 3B is a logical diagram useful in explaining the network 31 is a wide area data network formed of a number 
software functionality of the packet service gateway. of interlinked networks, such as the international network 
FIG. 4 is a diagram illustrating the software and the now commonly referred to as the 'Internet'. More 
relationship thereof to certain components of the access specifically, the network 31 comprises a network of inter- 
manager of the system of FIG. 2. 5 connected routers and networks, such as shown in FIG. 5 
FIG. 5 is a block diagram of the public packet switched discussed above. The network utilizes Internet Protocol 
data network now commonly referred to as the Internet. P^) ^^^^ Packet switching to route data packets between 

source and destination nodes coupled to the network. A 

BEST MODE FOR CARRYING OUT THE variety of computers and servers (not shown in FIG. 1 for 

INVE^^^ON lo simplicity) connect to the n^twgrj^jl , for example for ^ 

With reference to FIG. 1, the present invention provides provjtog we^site^se^^^^^^^^^ 
anSEiiiiid^ir^less gateway s^it^S-enibUHg^-elesT^ ^fl^Lfee^cximpute^^^^^ 

f^5ES5nication throug h antennas 3 w ith corSS^or^^^^liii^ Fq^simphcitj^ QG^^^ 

Seleph one terminals "j hown as handsete-lrAs-used-hereinr^ J ype termmal dgvicgs_21j^ 29. 

* voice' communication is essentially synonymous with TVpically,^each-Gf-the~PGs-connect_to_the_network 31 

* audio' communication. The wireless handsets pm^de_two- through an I ntern&t-acc e^seiygr,.gu^.as,s^ggrL27J^hown 
way communications to the ^ygeli^g atewa v svstcm-5^of) ^ ^?ll'-Z?^ serverJ2>ggr|gates traffic'to andlfom the"^ 
audiofrequenc y information si gnaETTypically voice signals. associate^jOTiinardevicesJor transpor Lovct,a relatively 
T^e ^ireless„gate Kay^systemIanc^ ^ ¥sll^E £g^^iJ^-tgjhe pjig^et.sw itched 
goi cecommunication fi om ^awireless h^ dsetl'via'apugic^^ 'Interne t access s er ver 27 provides a_compati61e intcrfacc~toi 
packcFdata^6tworfc31. The communicaFioirvirthenetwork respective-Pes~(modem, ISVH or LAN) and protocojj 
3i-maygo to'voice'telephone capable terminal devices, such con versio n ^d intcgfacggTas necessary, fojlwo^y dataj 
as personal computers (PCs) 21, or through an appropriate coinmunicatibn over the particular Ei ghspeed^nkno-thcj 
PSTN gateway 45 to telephones 49 coupled to central ofBces packeLdata-IntemeLi^ ^ 

47 of a di stant public switch_ed_ielgP_hopg . network. For example, Jhe,seiyer-27_may-compri^ 

Preferablyr^tfa^ gateway_system-5-also_provides_communi^J coupled~lo the„pjt blic switcH ecl Jfilephone_fletwork_(not 

^cation b etween two or mofenbf the"'^wii^less"^handsets"l^^ ^ shownj ^nd^ upled'tliroughTjigh^pe e^ 

v^U^^asIbetween^^any^f^th^ local l andline ^ \^tlu nlhe n etwork 31. Jn such an implementation, the"PCs 

(^^ephones 9 via one or na ore loc al c entral o£&cesJ7. 21 and 29 would have analog modems for dial-up commu- 

IT^ gateway. _s y stem 5 is a locaUzedl private jystcm, as" J nications with the server 27. For communications with the 

^opposcd to the oommonrpublic'c elimartelepfa i ^ PCs 21, 29, the access server 27 would provide a point to 

^lie-gateway system7foF^ example, may provide commum- V^^^^ protocol (PPP) appearance, 
cation within an oflScc or industrial complex. Alternatively, As another example, the Internet access server 27 might 

a service provider may operate the gateway system 5 in a communicate over a lObaseT Ethernet LAN with the PCs 21 

geographically limited public area of interest, such as an and 29. In this example, the PCs 21, 29 would include 

airport, shopping center, hotel/convention center complex or Ethernet LAN type interface cards and would connect 

the like. through appropriate wiring to the Internet access server 27. 

Each user will ^c afwifeless tele phone terminal de^^T ^l server 27 would provide two-way protocol conversions, 

.preferably a wirelessjelepho^ handset" 1; The wireless 40 as necessary for IP communications over the network 31 and 

handseTl^iriimilar to a portable~ccllular' telephone but would connect via a high speed link to an IP router within 

operates at lower power levels and generally will be less the network 31. In such an implementation, the server 27 

expensive to own and operate. Because of its low power might also provide firewall functions, to control outside e 

operation, the portable handset 1 has a longer period of access to the LAN and to control access from the PCs 21,29 

operation between recharging of the battery, but the working 45 on the LAN to the public network 31. 
range of the portable handset from an antenna cite is The various PCs include processors, memories, various 

relatively short. Analog implementations of the handsets are disc drives, etc. Each of the PCs also includes a display or 

contemplated, although digital implementations are pre- monitor, a keyboard, and possibly one or more additional 

ferred. user input devices (not shown) such as a mouse, joystick or 

As discussed in more detail with regard to FIG. 2, the 50 track ball. Typically, the software running on the PCs 

wireless gateway system 5 includes a packet service gate- includes an operating system, such as Windows '95, and a 

way as well as transceivers or base stations coupled to the series of compatible applications programs running under 

antennas 3 to provide a number of wireless access points. the operating system. The software preferably implements a 

The wireless access point equipment provides two-way graphical user interface, including a user interface for com- 

wireless telephone communication with the handsets 1, The 55 munications through the public packet data network 31. 
associated packet service gateway establishes two-way Many of the PCs also have voice communication capa- 

voice communication via the public packet switched data bilities. For example, PC 21 includes a microphone 23 and 

network 31, for each voice call in progress through a one or more speakers 2S. These PCs also include analog lo 

transceiver and a wireless telephone terminal 1. The packet digitaLand^digitaHo-analog-converters^^andJhejCPUsjn 

service gateway performs the necessary compression and 60 such PCs ninrsoftwareifpr-compres^ 1 

decompression of the voice signals and conversions between ofjigitized audio (typically voice) infonnatiotu^Tlie soft-^ J* 

the protocols used for wireless voice communication and the ware also processes the audigjQfprmatiqnJor transmission \ 

TCP/IP protocols on the network 31. The wireless gateway "and recep tion of the comp re ssed di gtal information iS^IP 

system 5 also includes an access manager for controlling p^kets^and using the appropriate protocolTTor cominuhi- 

registration and bilhng related fimctions. 55 cation with the respective access server. 

FIG, 1 depicts the public packet data network 31 as a PCs having voice communication capabilities can con- 
cloud. In the preferred embodiment, the pubhc packet data duct two-way, real-time audio communications with each 
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other, in a manner directly analogous to a two-way telephone 
conversation. However, the actual signals exchanged 
between two such terminal devices go through the public 
packet data network 31 and the appropriate access servers 
27. Typically, such communications at least bypass long 5 
distance interexchange carriers. If both PCs connect to the 
Internet via a LAN or other data network, the audio com- 
munications may not utilize, the telephone network at all. 

In accord with one feature of the invention, those PCs 
which have voice communication capabilities may also send 
and receive telephone calls via the wireless gateway system 
5 with wireless handsets 1. Services between the PCs and the 
wireless handsets are discussed in more detail later. 

The public packet data network 31 also connects to a 
number of PSTN gateways in different service areas, ^5 
although only one such gateway 45 appears in FIG. 1. Each 
PSTN gateway 45 connects to one or more central offices 47 
of the public switched telephone network in the. region 
where the gateway 45 is located. Calls through the network 
to and from such gateways typically bypass long distance 20 
interexchange carriers and may utilize a data network con- 
nection to a PC at one end of the call, as in the earlier 
example. The PCs having voice communication capabilities 
may send and receive telephone calls via the public switched 
telephone network 31 and one of the gateways 45 to persons 25 
using standard telephones 49. Similarly, persons using the 
handsets 1 may call or receive calls from persons using 
standard telephones 49 via the public packet data network 31 
and one of the gateways 45. The PSTN gateway(s) 45 also 
permit calls between wireless handsets 1 and telephone 30 
station(s) 49 through the pubKc packet data network 31. 

i^pf^^^^^ibj^jjafe^^ ^yji^^ for a large 

number of calls, bc^ggaBi^nh o^^^ ^ j^^^^H^ 
ESgjN"'agd/oi| ^lliLl aBBSE^aS^8 ^^£^ 
^^^^^^uch a gateway 45 will connect to at least one 
central office (CO) 47 of the PSTN, the gateway connection 
typically utilizes one or more primary rate interface (PRI) 
type integrated services digital network (ISDN) line groups 
or a combination of one or more Tl circuits and a Simplified 40 
Message Desk Interface (SMDI) type signaling circuit. The 
line circuits provide digital line interconnections of the 
gateway 45 to the central office 47. The D channel of the PRI 
or the SMDI link carries a variety signaling back and forth 
between the PSTN gateway 45 and the CO 47. For example, 45 
on an incoming call from die CO 47 to the gateway 45, the 
signaling includes the calling party number and preferably 
the dialed destination digits. 

The PSTN gateway 45 includes one or more computers 
for processing individual calls. The computers include so 
appropriate line interfaces for answering incoming calls and 
initiating outgoing calls over the particular type of line 
circuits. The interfaces also receive and decode standard 
signaling messages from the PSTN, e.g. DTMF dialing 
signals and/or D channel ISDN signaling. The interfaces 55 
also detect line status and call progress signals on incoming 
and outgoing calls, either a s in-band tone signals or as D 
channel messages. E^^^^ 13|SE55 DSter^i^ t B^^ ^ ^iY:45^ 
— I^s^p^niing^audi^^na!" ^' — 



igtgvLQtJ^^Wfgg^n^^il^'^cj jtK^ 



Ser. No. 08/634,543 filed Apr. 18, 1996 describes several 
implementations of Tntemet Modules' which may serve as 
alternate embodiments of the PSTN gateway 45. 

^^^iDtg^^^ ^SBtES 55iFi^"a1gkett^^^ 
suc h.as^th6.MlnteT net':ii utilize^ I'BaPfotoj;;okaddr^^ Each 
sucn"gadress"compnses a series 01 four numbers-separated 
by dots. An example of an IP address would be 
164.109.211.237. Each machine on the Internet has a unique 
number permanently or temporarily assigned to it which 
constitutes one of these four numbers. In the IP address, the 
leftmost number has the greatest weight. By analogy this 
would correspond to the ZIP code in a mailing address. At 
times the first two numbers constitute this portion of the 
address indicating a network or a locale. That network is 
connected to the last router in the transport path. In differ- 
entiating between two computers in the same destination 
network ordy die last number field changes. In such an 
example the next number field 211 identifies the destination 
router. 



\5^i^^i^c|^^mng^a^d^^ 
sG^^iTOut&rrtheTggt^^ 
^^i^^ffl? to ijiet^rTOi ne^h^ ^^^^ 

^g^ltoith gjd g&tination ffl then sends the^cEetlSthen^r^*''^^ 
router as determinedfrom that table, and the procedure is 
repeated. Each router has a database table that finds the 
information automatically. This continues until the packet 
arrives at the destination computer. The separate packets that 
constitute a mes.sage may not travel the same path depending 
on traffic load. However, they all reach the same destination 
and are assembled in their original order in a connectionless 
fashion. This is in contrast to connection oriented routing 
modes, such as frame relay and asynchronous transfer mode 
(ATM) or voice. 

It would be difficult for most people to remember the four 
separate numbers (sometimes having ten or more digits) 
comprising each numeric IP address. In addition numeric IP 
addresses occasionally change or some systems temporarily 
assign IP addresses to active devices, making it even more 
of a problem for people to keep track of them. To facilitate 
person to person communications, however, people can 
address each other using easier to remember names. In the 
presently preferred embodiments, these names may be tex- 
tual domain names or telephone number based domain 
names, but other name formats are within the scope of the 
invention. A domain name server system 51 translates the 
names into actual IP addresses. 

An example of a textual Domain Name is Evoit@HUT 
MB. COM. Each of the names separated by a dot is called 
a domain. The significance of each of the domains is the 
reverse of that of the niuneric IP address. In the numeric IP 
address, the most significant numbers were on the left and 
the least significant on the right. The textual Domain Name 
System begins with the least significant on the left and 
proceeds to the most significant on the right. An example of 
a telephone number based Domain Name is * 301 -608- 
2908@phone^ 



The top-level domains, 
significance, are as follows: 



those of the most general 



(s) also perform the two-way protocol processing to send"^ 
and receive compressed, digitized voice data in TCP/IP 
packet form over the network 31. ^^^^^g^^^p45^i65 
^5^S^^EgPp:CtstG'a routes cpujjled^ 
d^t^j^^^feSl^Copending comiridri ^ 



1. COM A commercial operation 

2. EDU A university, college or other educational insti- 
tution 

3. GOV A government organization 

4. MIL A military site 



02/17/2004, EAST Version: 1.4.1 



us 6,359,880 Bl 

5. ORG Any organization that does not fit into any of the ^tcTin ordeTto'reachlhe called_customer.^Jn accord with one 

Q preceding "^aspect'of "tlfe"present'ihvention, the access manager of the 

C6. NET A network wireless gateway 5 will update home location register 

There are now two -letter domains, each denoting a dif- information, for example stored in or accessible through the 

ferent country, which are atop the above original domain 5 domain name server system 51, for persons using the 

names. An address ending in "COM.AU," for example, wireless handscts_JL._Inj he embod im^DLillustrated in the 

would be a commercial operation in Australia. Over a draw^g, theJJLRJnfonnadonjsjnajntained in a separate 

hundred different countries arc now connected to the Inter- database 33jcou pledlo"t lie'jubli^^ 31 . 

net so the list of two-letter country codes is long and getting When^a pers oiTimt iates an outgoing'^call from one of lhe 

longer. Computers or servers associated with the Internet lo haiiiisets l,THat is intende d for rou tin£_thcQUglLthe^put3lic_ 



convert textual domain names into numeric IP addresses. paiiket switcKed data^etworkl31, the wireless gateway.,- 

In the example illustrated, the domain name server 51 sfstem"5'foSukte§_and Jj^Smits the query through the 
translates domain names into nimaeric IP addresses in network:31^to-the-domain name Server 51. The server^Sl^ 
response to requests from calling terminals. FIG. 1 depicts j^j:::;jeSrns_the~appropriate-address~iiif^ 
a single domain name server 51, and the discussion herein is^atew^^sptem Srahd the system S utilizes that information 
concentrates on a single server implementation for ease of to establish the call through the network 31 to the 
explanation. In an actual, large scale deployment, the destination, e.g. to the PC 31 or to a telephone 49. 
domain name server system would comprise a number of When another person calls a subscriber, the person enters 
server systems 51 in a hierarchical arrangement. Each an address of a telephone number associated with the 
domain name server 51 would serve a region or segment of 20 .subscriber. The caller's PC 21 or a PSTN gateway 49 serving 
the public packet data network 31 and would provide the caller formulates and transmits the query^througJh the 
translations and conditional analysis processing of names network 31 to the domain name server 51. ije^sen^ 5^^^ 

corresponding to^addresses .residing within „the_segment returns^tHTappropriate^addres^ ~ 

served.fMy computer. or PC on the segment- requesting > calljhrgu^_ the public packet-data-network^31_andJtHe 

Ijranslaiion would first query^the.domain name server system 25 wifel^Tgateway system 5'. As discussed more below, irTa 
^51 .servingjhat^segine^. If^the domain name was not one highly automated call processing-embodiment,4he"domain 
associated^rith that server, the domain name server 51 ^name^^raA^erobtains tfie^address inf^^ 
^would commuriicat'e^lhrough the hierarchy of such servers to~\ "through an interact ion with the HLRj atabase ;33.-— ^ 
relay the query t^ the appro priate server for processing; and"^ ^^-The^wirelessgiTteway system ofthe present invention has 
aftef proces sin^that sT^ the destination-^30 a number of different applications. For example, in a busi- 

'add£ess^andJJly^sodal^^ ness application for a single factory or office location, one 

the querying device. Also, each dbmainname^server 51~in'a system 5 shown in solid line form in FIG. 1 might provide 
given area couldrbe~duplicated, for redundancy. internal telephone communications and connections for 

As shown in simplified form in FIG. 1, the domain name local and long distance telephone service. However, the 
server (DNS) 51 comprises a server computer which func- 35 roaming capability for service to the handsets 1 would be 
tions as the central processing unit of the domain name limited to the area in and around the factory or of&ce 
server. The computer has an IP packet data interface to the location covered by the wirelessoommunication range of the^ 
network 31. The DNS system 51 also includes a data storage service through antennas 3. 'Die^system-S-WoukLcontroU 
system storing a series of databases attached to or incorpo- handshaking7registration"and vdidation"pTocedures4o4imit^^ 
rated into the server. The databases include look-up tables 40 ser vice to on ly the handsets autho rized by the owner of the ^ 
for direct translations of names to addresses and may include ^system^S, e.g. to limit tisage to employees^ ■ 
routing control records for conditional processing of Aiiblher application relates to public wireless access in 
requests for communication with at least some customers. some relatively public installation, such as an airport, shop- 
Essentially^w^'fen~a person- wishes~to~initiate~a~j ping center, hotel/convention center complex or the like. In 
com miMication ^thcy instmct their^PG-to^taft^coEnmunica^'iS such a case, the operator of one gateway system 5 (solid 
^tion^kin gTS^ y^addressreilhef based w nam e orj^ lines) would supply temporary users with handsets 1 com- 

a tefephoae ntmibciF^Tlfe PC traIlS^^its^^i^tmc^trans^ation--^ patible with the system 5. llie system 5 would control 
requestor Vquery ^ to t he,domainjiame^s erver^s ystem-51-via — -"^handshaking, registration and validation procedures and 
the appro pria!e~Tccess ^seg6r^jandjhe nctworOl. The might limit service to only the handsets supplied by the 
s erver ~5 1~Teceives the~domain-name~quer-y; froiD"tfie p ul51ic~5 b system operator. 

p acket datanetwoi^It 3l7lnTespoDse=rthe-serve r mayexeclitc — Alternatively, the wireless gateway system 5 might allow 
a^irect^lo6k^ip'^able"i5ased translation to^'i^TP-address^^^^^^access using handsets other than those corresponding to the 
and/or an associated^ Jdepfione^Wmber, jfoFexamplcYfor p particular system 5, either in a business situation where the 
Joice commiiHicationrAlso, foFan>(' caUed party custome^J^ private operator has similar systems (one of which appears 
f-wbg^has jstabl ished a m oi-ejophistjcatcd^routing servi 55 in phantom in FIG. 1) installed at other company locations 
^e server 5i"wiilexecute1cOn'ditiona3 analysis~in Fesponse^to"*^> or in a situation where the public wireless access provider 
^ejdpmain-name-translation_query,^Ss~liisHosed iiTco allows handsets from other systems (shown in phantom 

monly assigned application Ser. No. 08/812,075 filed Mar.6, lines) to access the gateway system 5. In any such 
1997 entitled "ENHANCED INTERNET DOMAIN NAME application, the wireless gateway system 5 must verify 

SERVER", the disclosure of which is incorporated herein 60 authorization in some manner. 

entirely by reference. The domain name server 51 responds ItTan^automatic yerifio^tionlfiode; tHe system 5 commu^_^ 

in the same way to translation queries from other nodes on rnicates with a home location register (HLR).associated with } 
the packet data network, such as the PSTN gateway(s) 45 t|^handset_to jv.erify_ authorization'. In the preferred 

and th6_wirele^gateway system(s)^. ^ embodiment, a central database 33 accessible via the public 

j^One form, of conditional analysis by the domaig_g,ame;. 65 packet switched data_network 31 maintains the HLR 
server 51 involves checking a home_location_regisferJoJ^? records. TKe~HO. database~33 provides~verification^ and 
jdeterminejyhichjof s^^ route a calT^ billing infermation^tb thejwi reless gateway system 5. The 
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curreatly rfegjstenng tlig ^KaEHsel"! ^ to facilitate routing 
subsequent calls U) rijLaJLhands^- Tg ljCRllatalSasc 33TiTa^ 
bc"implemented jn^software_in_the Qtom jin name scrvc f^ 
computerri h a s efversimilar to tRellomain naipe^erversij 5 
or j_aiiy„other_s ystem accessible via the network 3 1. 
Alternatively, a server on the network 31, such as server 51, 
may access some other system that maintains the HLR for 
the particular handset 1. For example, the server might 
access HLR data in an Integrated Service Control Point of a 10 
public telephone network. 

The wireless gateway system 5 may also support verifi- 
cations based on prompts and customer inputs. For example, 
the system 5 may provide a tone or preferably a voice 
prompt to the handset 1 asking a registering customer to 15 
input their credit card number for billing. The wireless 
gateway 5 would then communicate with some server 35 
coupled to the public packet switched data network 31 to 
access an appropriate credit card database and verify the 
credit card number. The credit card database server 35 20 
appears as a separate server, but the credit card database may 
be an application running on any other convenient server, 
such as one of the servers 33, 51. 

Specific examples of calls to and from the wireless 
gateway system 5 and the registration processing by the 25 
access manager and the domain name server system 51 will 
be described in more detail later. Next, consider the structure 
of the wireless gateway system 5 in somewhat more detail. 

As shown in FIG. 2, the wireless gateway system 5 will 
include one or more Radio Port Control Units (RPCUs) 63. 30 
Each RPCU 63 connects to a number of cell cite base station 
transceivers 61 and associated antennas 3. Each base station 
63 functions as a radio port to the serving RPCU 63. The 
base station transceiver includes the actual RF modulation 
and demodulation circuitry for RF telephone and signaling 35 
commimication with a number of wireless handsets 1 within 
cellular coverage area. The RPCU 63 provides the interface 
between the base stations 61 and a telephone switch, such as 
the private branch exchange (PBX) 65, and provides control 
and signaling functions for implementing the air interface to 40 
the wireless handsets 1 through the base stations 61. A 
number of manufacturers offer localized wireless systems 
including the RPCUs and compatible base stations. 
Examples include the PPS-1800 System from Motorola, the 
Freeset Part 15 In-Building Wireless Business Communica- 45 
tion system from Ericsson, and the Pocket Communications 
System from SpcctraLink, In some implementations, these 
wireless communication elements may offer fuU cellular 
telephone-hke service, e.g. with automatic handof^ between 
cells, although simpler implementations are contemplated 50 
and wiMnJhe_scope-of--the^pre_senljnve^^ 

^Tlie^BX.65_provides-voiceaelephonexhannel-switching!3 
a nd a^ ciated~signalLDg'communication^between'the-wire~^ 
less"communication elements ofJhe^ystem^Tnd 'betweilh ^ 
tfiose eler5e5ts~and"otfaer portsrThe PBX 65 provides one or 5S 
more basicl^te'interfaceXBRQ-type ISDN telephone lines to 
each RPCU 63. The BRI line circuits to the RPCUs carry 
voice as well as data both for normal signaling and for 
control signaling exchanged^between.the^RPCUs 63 and the 
access^manager_6.7jrhe PBX 65 also provideslwo or more^eo 
(BRfUne circuits to the packet service gateway 69 for voice 
and signaling J^lating to telephone calls that go-to or^^ 

come in from the public packet switche ddata^twork 31tId^ 

addition, the PBX 65 provides a BRI line circuit to the 
access manager 67 for data communication, principally for 65 
control signaling between the access manager 67 and the 
RPCUs 63. 



The PBX 65 preferably connects through a primary rate ^ 
interface (PR!) type circuit to a central ofBce 7 of the local 
public switched telephone network. The PBX 65 may also 
provide line circuits to one or more private telephone 
stations, such as the on-premises station 70 shown in FIG. 2. 
In the illustrated wireless gateway system 5, the PBX 
switching permits two-way voice calls between any two of 
the handsets 1 that are within range of the base stations 61. 
The PBX 65 also permits users of the handsets 1 to make and 
receive telephone calls, via the local public switched tele- 
phone network or through the packet service gateway 69 and 
the public packet switched data network 31, If the PBX 65 
connects to local extension telephone stations 70, such as 
desk top telephone extensions, those extensions may also 
communicate with the handsets 1 or with telephones coupled 
to the local public switched telephone network. The system 
5 also enables telephones 70 to communicate through the 
packet service gateway 69 and the public packet switched 
data network 31 either with voice capable data terminal 
devices or with remote telephones accessible through PSTN 
gateways 45. 

In the illustrated preferred implementation of the wireless 
gateway system 5, the PBX 65 is an ISDN type PBX. Other 
types of PBXs could be used in place of the ISDN PBX. 

The packet service gateway 69 is similar in structure and 
operation to the PSTN gateway 45. However, in the pre- 
ferred embodiment, the localized wireless gateway system S 
serves a smaller number of telephones and carries a lower 
volume of traffic to and from the network 31 than that 
carried through the CO switches 47 and the PSTN gateway 
45. The gateway 69 therefore is traffic engineered for smaller 
scale operation than the gateway 45. For example, the initial 
implementation of the PS TN gateway 45 is a mul ti- 
comp uter serve r system, '^Heireas th£pjcket service gateway 
45 f is a sin glc_compjater_oi:_serye^ having the appropriate ^ ] 
i gterface^cafds aod"softwg rci 

FIG. 3A provides a simplified block diagram of the 
structural elements of a preferred implementation of the 
packet service gateway 69. Essentially, the gateway 69 is a 
computer having a multi-tasking central processing unit 
(CPU) 73, a disc drive system 75 for program and mass data 
storage, a read only memory (ROM) 77 and a random access 
memory (RAM) 79. A standard intemal bus system 81 
provides address, signaling and data communications 
between the elements of the gateway computer. The com- 
puter executes a variety of software routines, discussed 
below, to perform the various gateway functions and provide 
communications via the various inputs and outputs. 

In the illustrated example, the computer serving as the 
packet service gateway 69 has three types of interfaces to 
other systems or devices. First, the gateway 69 includes a 
number of ISDN line interface cards 83. Each of these cards 
83 provides a two-wire, line sided interface to a basic rate 
interface (BRI) type integrated services digital network 
(ISDN) Hue. The line cards 83 permit transmission and 
reception of either data or digitized voice over each of two 
(B) channels at 64 kbits/s as well as transmission and 
reception of signaling data over a (D) channel at 16 kbits/s. 
If the packet service gateway 69 handles enough calls, the 
BRI line cards and the associated lines to the PBX 65 could 
be replaced with one or more primary rate interface cards 
and an associated PRI circuit to the PBX. 

Second, the computer serving as the packet service gate- 
way 69 includes a Tl card 8s. ITie card 85 provides a 
four- wire connection to a dedicated Tl circuit which pro- 
vides two-way*data communication at 1.544 Mbits/s. The Tl 
circuit connects to a router (not shown) on the public packet 
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switched data network 31, typically a router operated by an 
ISP. As discussed more below, the Tl circuit carries 
digitized, packetized voice information as well as related 
signaling data for communications through the network 31. 
The various types of packet data on the Tl link utilize 
TCP/IP packets and addressing. If traffic warrants, the 
gateway 69 may include additional Tl cards for connection 
to and communication over additional Tl circuits or another 
type of card providing a higher rate interface (T3, etc.) to the 
public packet switched data network 31. 

In the illustrated embodiment, the computer serving as the 
packet service gateway 69 includes a third interface, the 
local area network card 87. The I-AN card 87 connects to 
LAN wiring running between the gateway 69 and the access 
manager 67, for example, to permit the access manager to 
send and receive certain signaling messages via the public 
packet switched data network 31. In the preferred 
embodiment, the LAN is a lObaseT Ethernet LAN. The 
LAN .card 87 provides the physical interface to the LAN 
wiring as well as any necessary protocol conversions 
between the protocols used on the internal bus 81 and the 
protocols used on the LAN, 

In an alternative embodiment, the data hnk between the 
access manager 67 and the packet service gateway 69 could 
be replaced with a data link via the BRI lines and the PBX 
65. In such a case, the LAN would be eliminated, and the 
packet service gateway 69 would not include the LAN card 
87. The advantage to the use of the LAN is that the LAN 
provides higher data rate communication between the access 
manager 67 and the packet service gateway 69 than is 
available over ISDN BRI type circuits. 

FIG. 3B provides a block/flow diagram illustration of the 
functions implemented by the software running on the 
packet service gateway computer. The computer of the 
packet service gateway 69 runs a standard operating system 
90, such as UNIX. The operating system facilitates execu- 
tion of one or more appMcation programs. The various 
application programs include executable code facilitating 
the actual processing as well as necessary data. Although the 
computer may run other application programs, to perform 
unrelated communication functions, for purposes of this 
discussion the application programs that will run on the 
computer of the gateway 69 relate to the telephone commu- 
nications through the TCP/IP packet data network 31. 

The software provides a number of call processing func- 
tion routines 91 for processing incoming and outgoing calls 
via the ISDN line cards 83. Typically, there is a single 
program or routine for the call processing functions stored in 
disc drive system 75, but this routine 91 may be called 
repeatedly and running from RAM 79 as a nimiber of 
separate copies for processing of simultaneous calls through 
a number of the ISDN interface cards 83. 

Each of the call processing functions 91 includes subrou- 
tines 93 for compression and decompression. Each com- 
pression and decompression routine 93 compresses voice 
frequency information received via each B channel of one of 
the BRI type ISDN line circuits to a desired rate for transport 
over the packet network 31, for example down to rates 
between 2 and 16 kbits/s. The routine 93 also decompresses 
voice data received via the network 31 for uncompressed 
digital transport over one of the B channels. 

The disc drive system 75 stores digitized voice prompt 
messages, for use during processing of certain types of calls 
by the packet service gateway 69. For this purpose, the call 
processing functions 91 include a subroutine 95 for trans- 
mitting such prompts over the B channel to persons using the 
packet service gateway 69. The subroutine 95 may also 
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produce various tone signals, for example to simulate tones 
heard during processing of telephone caUs. 

The call processing function routines 91 also include a 
subroutine 97 for collection of digits input by users. The 

S digits typically arrive via D channel signal processing rou- 
tine 99, but in some cases the packet service gateway 69 may 
receive digits as dual tone multifrequency signals contained 
in the B channel voice frequency information. 

The combination of prompts 95 and digit collection 97 

10 permits a number of interactive call processing services. For 
example, in some situations it may be desirable to prompt a 
caller for input of a PIN and collect and check digits 
purportedly representing the PIN, before permitting an out- 
going long distance call. Also, the prompt and digit coUec- 

15 tion functions permit the system to obtain a credit card 
number (and possibly an associated PIN) for billing calls 
through the system to and from persons using the system 5 
only on a temporary basis and using handsets not normally 
associated with and recognized by the particular system, 

20 In addition to the above mentioned digit collection, the 
signal processing routine 99 provides two-way ISDN sig- 
naling via the D channel of each BRI type ISDN line circuit. 
The D channel carries standard ISDN call related signaling 
messages. For example, incoming signals from the PBX 65 

25 may indicate a new incoming call on one of the associated 
B channel and identify the call as a data call or a voice call. 
The signals for such a call typically include the dialed 
number as well as a number associated with the origin of the 
call, for example identifying one of the handsets 1 or at least 

30 the B channel assigned through the PBX 65 to an RPCU 63 
for a particular call. Signals transmitted from the gateway 69 
to the PBX 65 include requests for B channels to make calls 
through the PBX and destination digits, such as the number 
of one of the handsets 1 or preferably a telephone number for 

35 a channel to an RPCU 63 temporarily assigned to a called 
handset. 

The software running on the computer of the packet 
service gateway 69 includes a control program 103. The 
control program 103 includes high level control software, 

40 session managers 105 as well as one or more databases 107 
storing relevant control information. The control program 
103 initiates one session manager routine 105 for each call 
in progress. The session manager receives and processes 
various signals from the call processing function routines 91 

45 and provides the necessary instructions to those routines to 
execute each individual call processing function. The con- 
trol program 103 also controls or administers TCP/IP 
addressing functions and initiates certain necessary signal- 
ing communications through the network 31, as will be 

50 discussed more latter. 

The software running on the computer of the packet 
service gateway 69 also includes routines 101 for TCP/IP 
processing of the compressed voice channel information. 
Typically, there is a single program or routine for this 

55 TCP/IP processing function stored in disc drive system 75, 
but this routine may be called repeatedly and running from 
RAM 79 as a number of separate copies for simultaneous 
processing of voice data for a number of concurrent tele- 
phone caUs. Each running TCP/IP processing routine 101 

60 performs the two-way protocol processing to send and 
receive compressed, digitized voice data in TCP/IP packet 
form over the packet network 31. Each routine 101 supplies 
outgoing TCP/IP packets to a MUX/DEMUX routine 102. 
For outgoing traffic, the routine 102 serves as a multiplexer 

65 which aggregates and frames the TCP/IP packets for trans- 
mission over the Tl circuit. For incoming packets, the 
routine 102 serves as a demultiplexer. The routine 102 strips 
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the Tl framing, separates out the packets relating to each 
two-way voice communication and routes the packets to the 
appropriate TCP/IP processing routine 101. 

The software running on the computer of the packet 
service gateway 69 also provides an interface 111 for 
communication to and from a LAN, typically a lObascT 
Ethernet LAN connected to the access manager 90. Via this 
interface routine 111 and the LAN, the control program 105 
of the packet service gateway 69 can exchange control and 
status messages with the access manager 67. The packet 
service gateway 69 can also act as an Internet access server 
permitting the access manager 67 to send and receive 
messages over the network 31. 

There are some drcumstances in which the packet service 
gateway 69 will transmit signaling messages via the public 
packet switched data network 31. There also are some 
situations in which the access manager 67 transmits and 
receives messages through the gateway 69 and the network 
31. For these purposes, the software also includes a TCP/IP 
routine 109, controlled by the program 103, for TCP/IP 
packet processing of signaling messages to and from the 
control program 103. TTie routine 109 encapsulates data- 
grams from the control program 103 in TCP/IP packets and 
supplies those packets to the MUX/DEMUX routine 102 for 
incorporation into the Tl rate stream going to the network 
31. The MUX/DEMUX routine 102 demultiplexes out any 
packets addressed for the control program 103 or the access 
manager 67 and supplies those packets to the TCP/IP 
processing routine 109. The TCP/IP processing routine 109 
in turn strips off the TCP/IP packets and provides any 
incoming datagrams to the control program 103, for internal 
processing by the program 103 or for forwarding through 
interface routine 111 to the access manager 67. 

In the presently preferred embodiment, the access man- 
ager 67 comprises a separate computer having a BRI inter- 
face card and a LAN interface card. The BRI card provides 
the ISDN line interface to the PBX 65, and the LAN 
interface card provides two-way data communication 
between the access manager 67 and the packet service 
gateway 69. FIG. 4 provides a block diagram illustration of 
the software of the access manager and illustrates the 
relationship thereof to the interface cards within the access 
manager computer. 

With reference to FIG. 4, the software running on the 
computer serving as the access manager 67 includes system 
programs and input/output (I/O) drivers 115. This portion 
115 of the software includes an operating system, such as 
UNIX, as well as corresponding driver routines for the 
particular line cards 117 and 119. In the illustrated example, 
the access manager includes one ISDN hne card 117 and one 
LAN card 119. The ISDN card 117 may be similar to the 
ISDN line cards 83 discussed above, and the LAN card 119 
is essentially the same as the LAN card 87 discussed above, 
although the two cards have different addresses on the LAN. 
The driver software and the ISDN card 117 provide two-way 
data communication software over the BRI type ISDN line 
circuit through the PBX 65, principally for control signaling 
between the access manager 67 and the RPCUs 63. The 
LAN card 119 and the associated driver software facilitate 
data communications between the access manager 67 and 
the packet service gateway 69, for control signaling and to 
permit the access manager to send and receive messages via 
the public packet switched data network 31. 

The software running on the computer serving as the 
access manager 67,includes an applications interface 121 for 
interfacing a series of application programs 123, 125, 127 to 
the system programs and driver 115, For purposes of wire- 
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less gateway system operations, the application programs 
include a network access manager 123 and a radio mobility 
manager 125, although there may other applications 127 if 
the computer is performing functions in addition to the 

5 access manager operations. 

The network access manager 123 provides-wireline-net-^ 
work call control and d_a_ta.management.jnie_-netwo rk-acc ess — J 
manager 123^.designed-to-work-with a-particular PBX, in- 
CthiS''caselLn ISDN PBX 65. Preferably, the network access 
manager 123 is independent of the particular type of radio 
equipment used. 

The radio mobility manager 125 provides radio network 
control functions and is adapted to control the specific radio 
equipment incorporated in the particular installation. The 
radio mobility manager 125 controls the following func- 
tions: configuration of base station transceivers and associ- 
ated channels, assigning channels, paging, and portions of 
automatic link transfers operations. 

Consider now the operations of the wireless gateway 
system of the present invention. 

20 As noted above, some applications of the wireless gate- 
way system 5 will allow access only to handsets a ssociated 
with the one localized system 5. In such a case, t^^access^^^ 
managcr-67"maintainslHe^ ^ 
tication'^5f lhe~handsets-lTyUternl^fively~orln~ad^ the" ^ 

25 systernmaypermit other users to temporarily use the system 
in response to verification of a credit card for bilhng 
purposes. In such a case, the access manager 67 would 
maintain tables of information relating to handsets for which 
credit card payment has been verified. For purposes of 

30 discussion of detailed operational examples, however, 
assume that the system permits roaming and performs an 
automatic verification of handsets 1 through interaction with 
an HLR database 33. 
The database 33 maintains subscriber data files, which 

35 substantially correspond to the "Home Location Register" 
data commonly used in cellular systems to validate service 
requests for each mobile telephone. For actual 
communication, a number of wireless gateway systems 5 
treat each subscriber's handset 1 as a roamer. Such systems 

40 5 may operate, for example, in a company's offices and/or 
factories at separate geographic locations. The access man- 
ager 67 in each gateway system 5 maintains "Visitor Loca- 
tion Register" (VLR) type information for each handset 1 
registered as active in the area(s) served by the particular 

45 wireless gateway system 5. 

In an active standby mode of operation, the circuitry in 
each handset 1 monitors signals broadcast from the cell cite 
antennas 3 indicating the registration zone in which the 
handset 1 currently is located. When the handset circuitry 

50 determines that the handset 1 has just entered a new zone or 
that the handset 1 has just been turned on, the circuitry 
initiates a handset registration procedure. T hpTiandseQ ^ 
trMsmitsTWdio^message^jeqUesB^ 

tifyingJhe^liandsen7over a signaling channellolHe RTCD ^ 
55 63~ which controls wireless service in the particular zone. 
The RPCU 63 in turn forwards the registration request 
message, via the PBX switch 65, to the access manager 67. 

^Jhe-acccss manager 67 checks its^YisitprXpcation Reg- 
ister files-to-detemiine if=the identified handset ,1. has^^ 
60 p re vio,usly jegistere d jwith-.that_access_m anager^ Fot 
example, if the handset 1 has registered with the access 
manager 67 but for a different registration zone served by the 
particular access manager, the Visitor Location Register for 
that handset is simply updated to show the new zone in 
65 which the handset 1 is operating. 

If the handset 1 has not registered with the particular 
access manager 67, the access manager transmits a message 
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requesting validation to the HLR database 33. Specifically, 
the access manager 67 transmits the message over the LAN 
connection to the packet service gateway 69. The packet 
service gateway 69 recognizes the message as a signaling 
message for transmission over the packet switched data 
network 31. The packet service gateway 69 converts the 
message to TCP/IP packet format, with the appropriate IP 
address for the HLR database 33 and multiplexes the packet 
(s) into the portion of the Tl stream going out to the network 
31. The network 31 in turn routes the packet(s) of the 
message to the HLR database 33, 

The database 33 responds much the same way that a home 
mobile telephone switching ofBce having a normal cellular 
subscriber's home location register responds, by providing 
validation and service profile information regarding the 
particular wireless handset 1. The server or other system 
maintaining the HLR database 33 transmits TCP/IP packets 
containing the vaHdatioo and service profile information 
back through the public packet switched data network 31 to 
the packet service gateway 69, and the gateway 69 supplies 20 
the information from;the packets over the LANJo^the access 
manager 67. The Access niahager^67-:stores-the-service^ 
pfofilennformation-in-a" visitor location register 'which iti 
assigns to th e particiU a^hanc[set"l, and (then the access ^ 
manager sends an ac^owledg ment m essag&-via-the^RP-ClLi25 
63^indicalmgJhaU^^ 

m^nagerj T^uscs the stored 'profile inf mmation Jo^oiUroli 
semce s'on'sUbsequent calls to and from the handset'l'and] 
to BilTfor the services. 

At this time, the database 33 updates the location regis- 
tration data portion of the subscriber's home location reg- 
ister with identification data for the access manager 67 and 
the wireless gateway system 5, to indicate the current point 
at which the handset 1 is registered. The HLR database 33 
may also send a de-registration message to the last known 
access manager in contact with the wireless handset 1. 

p3nsider„now_seyera^^^ 

vWhen-a.subscriberjvyishes.tojnake_a calOhe'suHicnbeF 
eiitefs the digits for tHeliestimatioii^ 
^ansmi^fimction_whereby>^^^ senjd|Jhe_dialedj40 



the call to an on-premises telephone station 70, as a normal 
PBX extension call. If the caUer dialed a local number 
outside the PBX, the PBX 65 connects the call to a channel 
on the PR[ circtiit to the central office 7 serving as the end 
office for local calls to and from the wireless gateway system 
5. The PBX supplies the dialed digits over that channel to the 
central office 7, and that office connects the call to a local 

telephone 9 ^in th6j iormal_inanDer. ^ ^ 

I^thiTciil is directed.to a handset I currentlyjregistered as 
^activemi.thesame-wireless'gateway-system-Srthe system^S^^]^^^ 
^will conncctjhg^ca ll between tM Jwo^handsets^tlM^ough the 
PBX'65lfia^^rJmore of the RPCUs 63. Sp^fically,CtfieID 
accesslnanager 67-allocates"a~ctiannel ttfroug^ 
Wd a base station transceive r 61 to^the calle fl^handset-i~and 
15 iiistructs4he^PBX-654o-make-the"connectioh^betwe^ 
channek-assigned to the called ^aii^^calfing-^partiesliMdseti^ 
^A'key featiire of the present inventionTelates toTouting^of-^ 
outgoing and incoming calls via the wireless gateway sys- 
tem over the public packet switched data network. Cons ider 
20 first some example s of out g oin g^calls. (^Assume for_a„first3i 
^examjjle^that the authorized outgoing call from a^wireless 
handiet^l S intended for a user at PC 21 , which^fias^^ice ^ 
communication'capabilities. In such a caseT afjsrjhg^tho- r^' 
3 rizationj)rocessing^l5>^the access manager di'scussed^abovef"^ > 
the'access manager 67 instructs'the~PBX"65~to-comiect the : 
call to the packet service gateway_6,9r\V^en the^PBX~ma kes^ ~^ 
this connection, the PBX 65 supplieTcalljglate d infofMf^ ^ 
tion.such.ascalling-pacLy„number overltieTSDN^D'channel: ^ 
Of particular note here,/ffie£airrekted information supplied^ 
td"tHe~paclcerservice^ 
{nation tele pho^gjimnber.~^ 

T^c2pa:cket'"ser vicc gatewa y"69~utiiizcs~the-reccivcd^ 
informalioS^to^ihitiaE^mmuniciHGn^^ 
switche d data network 31. The-packet service^gateway 69"f 
transmits-a-iranslation request oiT^^^^^to^^crapprop^^ 
server. The server may be an Internet telephone service 
reg istration server. In the preferr ed em bodiment, the~domain^ 
nameserver system 51 performs the telephone number toIP v 
address tran^^ ^ons ,.theref6re the packet service gateway 69 ^ 
tfansmits tlie"Eansiation queryjQ-the,domain na me se rver ' 



30 



35 



rdjgits through-a base station 61-to the nearest RPG1J,63. T^^ system 51 via the public packet switcKed^datFnetwdrk 3! 

RrcU~63~forwafdsjhe~digiJsJ^^^ * — ** 

handseFl^to^ fe"PBX'65'a5 a service'reqixestr The PBX 65 
f Swards the digits and handset identification data to the 
access manager 67. The access manager 67 checks its data 45 
files to determine if the calling hand.set 1 is registered, and 
if not registered the access manager initiates a registration 
procedure of the type discussed above, 
^When~the calling^handset^l^isnregistered, thc-access^^ have su^hj^ervicc, jnjwhi^h^ 

\nn'irri3T* fiT ri ^ /*»Tj'cr tri^ CiirTfir>ii r%»*i^filci cir^ir£>.r\ tn^i\\£i ^rtctir^^' '^cr\. rt'iw*^i^4 Irti^lr tt-n. Vtrir<A^ l-w**^ rtt^l # ii^^ fr\ *ni ID f\jAr\^acc*'-Tf\iF fna' 



The server 51 receives the jLO^er y from jhe public packet 
datTnetwofk 31. If a called party customer has established 
a more sophisticated routing service, the server 51 may 
execute a conditional analysis in response to the domain 
name translation query, as discussed in detail in the above 
cited application Ser. No. 08/812,075. However, for this 
discussion assume that the called party using PC 21 does not 



manager 67 checks ^ the service pro file stored in the_visitor_^50 
loc ation re gister a^gned'tolfie handset detefmine^ if 'ttib"^ 
<^ller4sentitled~tomalce^he particular "caJl^For exampleTthe 
access-manager"67nmighT^etennine~whether the call is a 
local call, a long distance call or an international call and 
whether or not the particular customer has subscribed to the 55 
corresponding class of service. If the call involves a switch 
provided special service, such as conference calling, the 
access manager 67 checks the service profile in the visitor 
location register to determine if the subscriber is authorized 
use of that special service. If J he data stored in the v isitor_60^ 
Jocation^register-indicates-that"the-requested call'should^ 



difectTook-u p tabl e ba sed translation to an IP ad dress for the^^ 
PC 21^If the PC 21 does not have a permanently assigned 
address, the server 51 may obtain a temporary address for 
the terminal from a Dynamic Host Configuration Protocol or 
'DHCP' server ( not show n). 

fHaving obta ined the IP address of ^th e^^stiiiatibn^ 
te^raiinal, th'e^aHaress~of "the PC~21~inrthe~"present"example, 
the^server~sysfeln-51~fomiulates^a response coessage con- f 
tainingJLhe JP addressjnjone^r^oreJTCP/IP packets and 
transmits-^the message back ihrough thTpublic^acket data' 
network SlftoHhe packet service gateway 69,yTlie gateway' 
(59^ uses the-received IP address' to" trlnsmit~a signaling 



^through, the-access manager 67 instmcts the RPCU 63 to message through the public data network 31 and the appro-y 
connect theVadio'channel currently allocated to the calling pnate access server 27 to the PC 21"indicaling a call to that" 



handset to a specific ISDN c hanne l andlp stmcts the switch 
t5 comf l^te the call as^ialed^ 

In"tSrsimplest'~caserthe~PBX 65 completes a connection 
to dispose of the call. For example, the PBX may complete 



destination teraiinalr 
^ The message may include information regarding the call, 
such as the telephone number or an identification number 
associated with the handset 1. If on and available to receive 
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calU, theT6~21~provides-appropriate"aTidible and/or visual^ packet data network 31 to the packet service gateway 69 

notice'^f the_call to the called t^er/^y call"notificati6n~--j indicating the busy condition. In response to the busy status 

display^guld include the iDjfotrnatio^^ message, the packet service gateway 69 transmits a tone 

handset 1, if suclTinformation is includcdTn^the signaling signal simulating a telephone 'busy* signal through the PBX 

message. lliePG-H'sendstodcj^status.me^ge through the^ s 65, the RPCU 63 and the radio link to the handset 1. The 

nef\\^rOlJ^o^lhe.packet seiVice'gatcway-694S^ calling party hears the busy signal. 

il^is^^tifying'the called party. At this^tiine, <the_packet^33 If the called station 49 is available, the serving end office 

service gateway 69~tra5smits^^~tone signal--simulating--a. 47 apphes a ringing signal to the line to that station and 

telephone ring-bade tgne_through_the B channel, the PBX^^ sends a ring-back tone or D channel ring-back message to 

65, th?RPCtr637the^basesta the PSTN gateway 45. The PSTN gateway 45 detects this 

the handset^l. The callin g p^ty hears-ringing;y-~^ ^ ring-back signal and transmits an appropriate message back 

If "the^aUcd user activates~~the~Pe-21-to accept the through the packet data network 31 to the packet service 

incoming call, the PC 21 transmits a signaling message back gateway 69 indicating the ringing condition. In response to 

through the public packet data network 31 notifying the the ringing status message, the packet service gateway 69 

packet service gateway 69. The gateway 69 stops transmis- 15 transmits a tone signal simulating a telephone ring-back tone 

sion of the ring-back tone to the calUng party's handset 1 and through the PBX 65, the RPCU 63 and the radio link to the 

initiates two-way voice communication between the ISDN handset 1. The calling party hears ringing, 

link assigned to the call through the PBX 65 and the packet When someone answers the call at telephone station 49, 

data network 31. for example by taking the handset off-hook, the serving 

Specifically, the gateway 69 compresses outgoing digi- 20 central office 47 detects this condition as a * ring-trip*. In 

tized voice frequency signals, packetizcs the compressed response, the central office removes the ringing signal from 

digital data into TCP/IP packets and transmits the packets the caUed hne, and the same or a different office serving the 

through network 31 using the IP address of the PC 21. The PSTN gateway 45 removes the ring-back signal from line 

PC21processesthe received packets to capture the digitized connected to the PSTN gateway 49. The local telephone 

and compressed data and reproduce the voice frequency 25 network including the of office(s) 47 provide a voice com- 

signak as an audio output through the speaker(s) 25. In the munication link between the PSTN gateway 45 and the line 

opposite direction, the PC 21 digitizes voice frequency to the off-hook telephone 49. 

information received via microphone 23. The PC 21 com- The PSTN gateway 45 senses the off-hook condition, 

presses those digitized signals, packetizes the compressed either by signaling from its serving end central ofSce 47 or 

digital data into TCP/IP packets and transmits the packets 30 by detection of the end of the ring-back tone. Upon so 

through network 31 to the packet service gateway 69. The detecting an answer by the party at station 49, the PSTO 

gateway 69 processes the received packets to capture the gateway 45 transmits another status message through the 

digitized and compressed data, decompresses the data and packet data network 31 to the packet service gateway 69 

transmits the data over the B channel link through the PBX indicating the answer condition. In response to the answer 

to the handsetj^________-^- — 35 status message, the packet service gateway 69 removes the 

Consider now a caL Ufrom-the-b andset l-to-a-normal'^ simulated ring-back tone. Both the PSTN gateway 45 and 

<55epb5nejl9A'ia,the.packetswatche^^ packet service gateway 69 begin two-way voice fre- 

^the user diaLs^rereplione"nSmber using^handset l^^d~thc ^quency signal processing and associated two-way traiLsmis- 

y^fian^Jset^Fsends a sij^ling message containing the nun3ber^J~sion of TCP/IP packets containing compressed voice fre- 
\xo the_systera 57-The wireless gateway system~internaUy-40"quency information. The user at handset 1 can talk to the 

^-^^veriffes autli^tidtvrestatiljs bes commu nicationb.etwecn the ; ^answering party at telephone station 49, in a normal con- 
handset^^aiid the packet service'gateway 69~and sup plies the " yersational manner. 

^call-related-infoTrmation to the packet service-gateway "69, as^^ In the above described application with HLR verification, 

in^the-earlier 'example— The packet service gateway ^69^ the domain name server system will perform a conditional 

y^transmits~a tran slation q uery to an a ppropriate^scrvcr, j)refj-45 analysis, to access the HLR location information,/on'incom=! 

'^erably'the'domain name server system 51. The domain name ing calls^ifected'to users of *the"hand'setS; ITConsider now 
server system 51 performs the telephone number to IP (an example of a call from the PC 2l7 — ^ ^ ~ ~" 
address translations, in this case to identify the IP address of ""Whfen a person wishes"to"initiate a communication, they 
a PSTN gateway 45 providing an interface to the local instruct their PC to start communication using a name or 
telephone network in the area encompassing the called is 50 telephone number based address. The PC transmits a trans- 
station 49. . lation request or 'query' to the domain name server system 
The domain name server system 51 formulates a response 51 via the appropriate access server 27 and the public packet 
message containing the IP address in one or more TCP/IP data network 11. The server 51 receives the domain name 
packets and transmits the message back through the public query from the public packet data network 31. In response, 
packet data network 31 to the packet service gateway 69. 55 the server may execute a direct look-up table based trans- 
The gateway 69 uses the received IP address to conduct a lation to an IP address or telephone number. However, for 
signahng communication through the public packet data any called party customer who has established a more 
network 31 with the PSTN gateway 45. sophisticated routing service, the server 51 will execute 
As part of the signaling communication, the packet ser- conditional analysis in response to the domain name trans- 
vice gateway 69 supplies the dialed telephone number to the 60 lation query. 

PSTN gateway 45. The PSTN gateway 45 initiates a voice In its simplest form, if the conditional analysis produces 

telephone call to the telephone 49 through one or more COs a first result, the server 51 translates a textual or telephone 

47 of the local public switched telephone network serving number based name included in the query into a first 

that gateway 45. If the line to telephone station 49 is busy, destination IP address. If the conditional analysis produces 

the CO(s) 47 return a busy signal through tone or D channel 65 a second result, the server 51 translates the name included in 

signaling. The PSTN gateway 45 detects this busy signal and the query into a second destination IP address. The server 

transmits an appropriate status message back through the then transmits a response message containing the first or the 
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secondjestinatioDjddress to availing PC /The PC uaesTK} The packet service gateway 69 responds to the message 

i;€Jeeived IP address to establish the des ire'd communic at iop - - indicating an answer at the called handset 1 by transmitting 

lhrough-the .public.paci^t^data^ network!^ ^' a message through the public packet data network 31 to the 

Mn the present example, the simplest translation resuh calling device, in this case to the PC 21. This message 

might result in call routing to another voice capable PC (not s infonns the PC 21 of the answer condition. In response to the 

shown) or to the telephony station 49. Altematively,(W3 ^^^r status message, the PC 21 commences its two-way 

called-party's routing contjroljecord stored-m the-domain^ ^oice processing and communication of compressed voice 

name__sp6r system 51 waLresult^in-accessin^ ^^^^ ^^^^ j^^^ ^^^^^^ ^^^^ ^^^^^^^ 31 ^h^ 

home IppUon^-^regist^-^^ ^^ket service gateway 69 also begins its two-way voice 

location information in the HLR alwaysidentifies a"ciirr6nt j„ ^ ■ i ■ j • . j * * 

.registraUonUocation-for the caUed.party._,T£e location may lO. &equency signd processing and associated two-way trans- 
l#thit-ofXlandline teleph-one^9 or,47 o^ °f TCP/IP packets containing compressed voice 

pp ^r^^—^-— ' frequency information. The user at handset 1 can talk to the 

However, for the present example, assume thatcthe regT^ calling party at PC 21, in a norma] conversational manner, 
istercd-locatibn-identifies thc-wirelcss^gateway sy'iteSlS.^ Consider now a call from a person usmg a normal 
T^e^HLR database 33^ accesses Jts stored data tables to ^^5, telephone, such as telephone station 49. The calling party 
deterrhin^W^dai^^Daaniie^^ which the called ^ telephone number assigned to the called party, and 

pM-ty's handset 1 is currently registered. j^wa^he_databa^ central offices 47 of the public switched telephone 

33 sends a routing request messag^to^tl^e^identifiedTaccess.^ network route the call to the PSTN gateway 49. The gateway 
manag er throu gh the network^3i^asking-foT-a-specific— ^ 49 receives the dialed number in a signaling message from 
telephone number to use in routing the call. The-access^ao the central office 47. (Alternatively, the caller could dial a 
manager69J^c^ksits~data-fi]cs"t0|'dctenninc which^g^ — ? number assigned to the PSTN gateway 49 and then input the 
tration-zone"the calle d handset l^ is currentlj^^gisteircdMn^ called party number in response to a tone or prompt from 
and sends a broadcast"p^enrequest through the''FBX^65~to — ) that gateway.) 

teJRPCU"63 seivicing~that regi^ zone. 1n]resp6nse,^~^ The PSTN gateway 45 transmits a translation query to an 
the~RPCU^.6S broadcasts a paging ^gnal requesting an 25) appropriate server, preferably the domain name server sys- 
^nswer from the identified handset !. Th e handset 1 trans- ^ ^tem 51. The server 51 receives the domain name query from 
(^mits a response toJhe_page, and jheRP CU 63 so notifies the'i the public packet data network 31. As in the example of a 
tacce^^^nager,67. call from the PC 21 to the handset 1, the domain name server 

The access manager 67 allocates an ISDN channel for the executes a conditional analysis process which in this 
incoming call and instmcts the RPCU 63 to accept an 30 example results in accessing the called party's home loca- 
incoming call for the handset 1 on the allocated ISDN tion register (HLR)jnJhe database 33. THeJocationjnforlZ^ 
channel. The access manager 67 also instructs the RPCU 63 (maHon^lHeJF^^^ identifi^Xc^rcifrcgis^ 
to reserve one of the available voice channels for the call. At jocati on'fp r the called party. The location may be that of a 
the same time, the access manager 67 transmits a telephone landline telephone 9 or a PC similar to PC 21, but for the 
number identifying the allocated ISDN channel back up to 35 present example, assume again that^ the^registefed location-^ 
the HLR database 33 for use as a routine number. idenlifles'thcwireless gatcway systcm SJ 

The database 33 now transmits the address of the packet TEe^HER^atabase~33^accesses~its's^^ data tables to 
service gateway 69 and the allocated routing telephone determine the access manager 67 with which the called 
number as a response message, contained in one or more party 's handset 1 is currently registered. Next, the database 
TCP/IP packets, back through the public packet data net- 40 33 sends a routing request message to the identified access 
work 31, in this case to the calling PC 21. The PC 21 uses manager through the network 31 asking for a specific 
the IP address to transmit a signaling message through the telephone number to use in routing the call. The access 
public packet data network 31 to the packet service gateway manager 69 checks its data files to determine which regis- 
49 indicating an incoming call. The message includes the tration zone the called handset 1 is currently registered in 
telephone number allocated to the called handset 1, 45 and sends a broadcast page request through the PBX 65 to 

In response to the message from the calling PC 21, the the RPCU 63 servicing that registration zone. In response, 
packet service gateway 69 initiates an extension call through the RPCU 65 broadcasts a paging signal requesting an 
the PBX 65 using the allocated telephone number. The PBX answer from the identified handset 1. The handset 1 trans- 
treats the call as a normal line-to-line (B channel to B mits a response to the page, and the RPCU 63 so notifies the 
channel) call and provides a connection from the gateway 69 50 access manager 67. 

to the identified RPCU 63. That RPCU 63 recognizes the call The access manager 67 allocates an ISDN, channel for the 
for the allocated B channel as a call to the identified handset incoming call, instructs the RPCU 63 to accept an incoming 
1. In response, the RPCU 63 transmits a message to the call for the handset 1 on the allocated ISDN channel, and 
handset indicating an incoming call and joins the incoming instructs the RPCU 63 to reserve an available voice channel 
ISDN channel to the radio firequency voice channel when the 55 for the call. At the same time, the access manager 67 
called party answers. transmits a telephone number identifying the allocated ISDN 

While the handset 1 is ringing, the PBX provides an channel back up to the HLR database 33, and the database 
appropriate status message to the packet service gateway 69 33 supplies the IP address of the packet service gateway 69 
via the D channel. The gateway 69 in turn transmits a status and the actual routing telephone number through the public 
message through the network 31 to the calling PC 21. When 60 packet data network 31, in this case to the PSTN gateway 45. 
the called party answers the call at the handset 1, the handset The PSTN gateway 45 uses the IS address to transmit a 
signals the RPCU 63, and the RPCU 63 provides an appro- signaling message through the public data network 31 to the 
priate message over the D channel to the PBX 65. The PBX packet service gateway 69 indicating an incoming call. The 
informs the packet service gateway 69 of the answer con- message includes the telephone number allocated to the 
dition by a D channel message and provides a B channel 65 called handset 1. 

connection for two-way voice communication between the In response to the message from the PSTN gateway 45, 
gateway 69 and the handset 1. the packet service gateway 69 initiates an extension call 
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through the PBX 65 and the RPCU 63 using the allocated 
telephone number, as in the earlier example. RPCU 63 
transmits a message to the handset indicating an incoming 
call and joins the incoming ISDN channel to the radio 
frequency voice channel when the called party answer. 5 

While the handset 1 is ringing, the PBX provides an 
appropriate status message to the packet service gateway 69 
via the D channel. The gateway 69 in turn transmits a status 
message through the network 31 to the PSTN gateway 45. 
At this time, the PSTN gateway 45 transmits a tone signal lo 
simulating a telephone ring-back tone through the central 
office(s) 47 to the calling party's is telephone 49, so that the 
calling party hears ringing. When the called party answers 
the call at the handset 1, the handset signals the RPCU 63, 
and the RPCU 63 provides an appropriate message over the is 
D channel to the PBX 65. The PBX informs the packet 
service gateway 69 of the answer condition by a D channel 
message and provides a B channel connection for two-way 
voice communication between the gateway 69 and the 
handset 1. 20 

The packet service gateway 69 responds to the message 
from the PBX 65 by transmitting a status message through 
the public packet data network 31 to the calling packet data 
device, which in this case is the PSTN gateway 45. This 
status message informs the PSTN gateway 45 of the answer 25 
condition. In response to the answer status message, the 
PSTN gateway 45 removes the simulated ring-back tone. 
Both the PSTN gateway 45 and the packet service gateway 
69 begin two-way voice frequency signal processing and 
associated two-way transmission of TCP/IP packets contain- 30 
ing compressed voice frequency information. The user at 
handset 1 can talk to the calUng party at telephone station 49, 
in a normal conversational manner. 

The registration with the access manager and the main- 
tenance of location- registration information in the HLR 35 
database facilitates roaming from one wireless gateway 
system to another. As the user roams, the handset periodi- 
cally registers with one of the access managers, and each 
access manager performing a registration provides a location 
update notice to the HLR database as part of the verification 40 
operation. In response to each query for translation relating 
to the called subscriber's handset, the conditional analysis 
processing by the domain name server system 51 and the 
retrieval of location registration information through the 
HLR database 33 and the access manager 67 result in routing 45 
of each call through the public switched packet data network 
31 to the user's current location. 

The present invention admits of a wide range of 
modifications, within the scope of the appended claims. For 
example, the illustrated wireless gateway system utilizes a so 
separate packet service gateway 69 and access manager 67, 
Depending on the capacity of the computer used to imple- 
ment the packet service gateway and the amount of expected 
trafSc, the gateway computer could run the application 
programs attributed to the access manager to eliminate the 55 
need for a separate processor. Also, for an appropriate traffic 
level, separate switching may be unnecessary, and the pro- 
cessor in the packet service gateway could provide routing 
between ports connected to an RPCU or directly to the base 
stations. Such an implementation would eliminate the need 60 
for the PBX and possibly even the need for the RPCU(s). 

While the foregoing has described what are considered to 
be preferred embodiments of the invention, it is understood 
that various modifications may be made therein and that the 
invention may be implemented in various forms and 65 
embodiments, and that it may be applied in numerous 
applications, only some of which have been described 
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herein. It is intended by the following claims to claim all 
such modifications and variations which fall within the true 
scope of the invention. 
We claim: 

1. A method comprising: 

registering a wireless telephone terminal in a localized 
wireless gateway system; 

transmitting registration data identifying the gateway sys- 
tem from the localized wireless gateway system to a 
home location register database through a public packet 
data communication network; 

receiving a request from a calling computer coupled to the 
public packet data communication network for a call to 
the wireless telephone terminal; 

in response to the request, accessing the home location 
register database and obtaining a packet data address 
for the localized wireless gateway system; 

using the address to set up a voice communication 
through the public packet data communication network 
and the localized wireless gateway system between the 
calling computer and the wireless telephone terminal. 

2. A method as in claim 1, wherein the calling computer 
is a ternunal computer having voice communication capa- 
bilities. 

3. A method as in claim 1, wherein the callic^ computer 
is a packet service gateway computer, coupled between the 
public packet data communication network and a public 
switched telephone network, for providing two-way voice 
communications to and from at least one telephone via the 
public packet data comnaunication network. 

4. A method as in claim 1, wherein the registering step 
comprises registering the wireless telephone terminal with 
an access manager which controls communications through 
the localized wireless gateway system. 

5. A method as in claim 4, wherein the transmitting step 
comprises transniitting the registration data from the access 
manager through the public packet data communication 
network to the home location register database. 

6. A method as in claim 1, wherein the public packet data 
communication network is a packet switched network. 

7. A method as in claim 6, wherein the packet switched 
network comprises a system of interlinked data networks 
using TCP/IP protocol. 

8. A method as in claim 7, wherein the system of inter- 
linked data networks comprises the Internet. 

9. A method comprising: 

transmitting a registration message from a wireless tele- 
phone temiinal through a wireless gateway system to 
an access manager controlhng wireless communication 
through the wireless gateway system; 

in response to the registration message, transmitting a 
verification request identifying the wireless telephone 
terminal and the wireless gateway system through a 
public packet data network to a home location register 
database; 

if the wireless telephone is authorized service, transmit- 
ting a service verification response message through the 
public packet data network to the access manager; and 

authorizing a service to the wireless telephone terminal 
through the wireless gateway system in response to the 
verification response message, wherein the authorized 
service comprises making telephone calls at least in 
part via the public packet data network. 

10. A method comprising: 

transmitting a registration message from a wireless tele- 
phone terminal through a wireless gateway system to 
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an access manager controlling wireless commuaicalion 
through the wireless gateway system; 
in response to the registration message, transmitting a 
verification request identifying the wireless telephone 
terminal and the wireless gateway system through a 5 
public packet data network to a home location register 
database; 

if the wireless telephone is authorized service, transmit- 
ting a service verification response message through the 
public packet data network to the access manager; and 

authorizing a service to the wireless telephone terminal 
through the wireless gateway system in response to the 
verification response message, wherein the authorized 
service comprises receiving telephone calls at least in 
part via the public packet data network. 
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11. A method as in claim 10, further comprising: 
storing identification of the wireless gateway system in 

the home location register database; and 
using said identification to route telephone calls through 
the public packet data network and the wireless gate- 
way system to the wireless telephone terminal. 

12. Amethod as in claim 9, wherein the public packet data 
communication network is a packet switched network, 

13. Amethod as in claim 12, wherein the packet switched 
network comprises a system of interlinked data networks 
using TCP/IP protocol 

14. A method as in claim 13, wherein the system of 
interlinked data networks comprises the Internet. 

Xt * )K * 
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